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一、中文摘要 
 

我們探討了介觀結構中三個時變量子傳輸的問題。 

首先，我們提出了一個非絕熱量子抽運機制的實驗結構，並計算此結構的抽運特性，

也仔細的研究其中的抽運機制，預測抽運電流是在奈安培的範圍。此實驗結構的特色，是

只需控制一個相位差就能改變抽運電流的方向，另外，指狀閘極只需四個就能產生奈安培

級的抽運電流。此部份的結果已分析完成，並已投稿至 Physical Review B. 

其次，我們探討了利用時變偏壓的閘極在 Rashba spin-orbit 效應明顯的異質介面上

所產生的交流自旋流。在 diffusive 的情況下，我們預測此等時變偏壓閘極的方式，能產生

奈安培級的交流自旋流，我們也提出利用電閘極量測自旋流的基制。此部份的結果已分析

完成(Cond-mat/0211559)，並已投稿。在 ballistic 的情況下，我們已完成理論推導以及

ballistic 窄通道在 Rashba spin-orbit 效應下電子態的計算與物理分析，此部份的結果

已再 2003 年中華民國物理年會中報告，電子散射的數值計算與分析正在進行中。 

第三，奈米結構在交流偏電壓閘極的作用下，除了產生抽運電流，熱流也是一個很重

要的議題。我們計算了在這情形下的熱流特性，初步的結果是抽運電流與熱流有很密切的

關係。 
 

關鍵詞：量子傳輸，量子抽運，非絕熱，指狀閘極，自旋軌道作用，Rashba 項，自旋流的

產生，相位差。 

  

Abstract 
We have investigated three quantum transport problems in mesoscopic structures that 

involve time-modulated effects. 
First, we have proposed an experimental configuration for the observation of a nonadiabatic 

quantum pumping mechanism. The mechanism is the time-dependent Bragg reflection, proposed 
also by us recently. We have also studied various quantum pumping characteristics of the 
proposed experimental configuration, and have analyzed in detail the connection of those 
characteristics with the nonadiabatic quantum pumping mechanism. The proposed experimental 
configuration has the advantage that the pumped current, and its direction, can be controlled by 
the tuning of only one phase difference. The pumped current is predicted to be of order 
nano-Ampere. We have finished our analysis and have submitted to Physical Review B. 

Second, we have investigated the effect of an ac biased metal gate to the generation of spin 
current in the heterostructure of low energy gap semiconductor, such as InAs-InAlAs 
heterostructures, in which the Rashba spin-orbit interaction is important. In the diffusive regime, 
we have predicted that the ac biased gate can give rise to spin current of order nano-ampere. We 
have also proposed a non-magnetic and non-optical means of probing spin-current by the use of a 
metal gate. We have finished our analysis (Cond-mat/0211559), have presented in the 2003 
American Physical Society March Meeting, and have submitted to be referred for publication. On 
the other hand, in the ballistic regime, we have finished the formulation and have analyzed the 
electron structures of a narrow channel in the presence of Rashba spin-orbit interaction. This part 
has been presented in the 2003 R.O.C. Physical Society Annual meeting. Further numerical work 
and the analysis for the electron scattering is currently being carrying out in its final stage. 

Third, we have studied the heat current in a mesoscopic structure acted upon by ac biased 



metal gates. Our preliminary result shows strong correlation between the pumped current and the 
heat current. 

 
Keywords: quantum transport, quantum pumping, non-adiabatic, time-dependent Bragg 
reflection, finger gates, spin-orbit scattering, Rashba term, spin-current generation, phase 
difference. 
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